Phosphorylation of myristoylated alanine-rich C kinase substrate (MARCKS) by proline-directed protein kinases and its dephosphorylation.
We identified two major substrates for the proline-directed protein kinases--cdc2 kinase and tau protein kinase II (TPKII)--in the cytosol fraction from rat brains. The molecular masses of the proteins were 80 and 46 kDa. Because the 80-kDa protein was phosphorylated by protein kinase C and was heat stable, we examined the possibility that the protein might be myristoylated alanine-rich C kinase substrate (MARCKS). On the basis of a comparison between the properties of the 80-kDa protein and purified MARCKS, we concluded that the 80-kDa protein is indeed MARCKS. The amounts of phosphate incorporated into MARCKS by protein kinase C, cdc2 kinase, and TPKII were 1.7, 1.4, and 0.6 mol/mol of the protein, respectively. Two-dimensional tryptic peptide mapping indicated that phosphorylation sites by protein kinase C and proline-directed protein kinases completely differed. Only the seryl residue was phosphorylated by protein kinase C, whereas both seryl and threonyl residues were phosphorylated by cdc2 kinase and TPKII. Phosphorylation of MARCKS by protein kinase C inhibited the binding to calmodulin, whereas phosphorylation by cdc2 kinase and TPKII significantly increased the binding to calmodulin. The holoenzyme of protein phosphatase 2A dephosphorylated MARCKS that had been phosphorylated by protein kinase C, cdc2 kinase, or TPKII, whereas calcineurin was unable to dephosphorylate it. These results suggest that cdc2 kinase and TPKII regulate the functions of MARCKS in different ways from protein kinase C.